Summary. The protein synthesis in normal and in EMCvirus infected mouse islets of Langerhans was investigated. Mouse large glucagon immunoreactivity was determined by an immunoassay after chromatographic separation. It was characterized as a peptide of 16000 MW with in intracellular half-life of 35--45 min. The proportional reduction of void volume proteins, large glucagon immunoreactivity and proinsulin synthesis after infection shows, that both alphaand beta-cells are damaged by the virus. A reduction in the synthesis of the three protein fractions was already found 6 hrs after inoculation of the virus and remained nearly constant for 48 hrs. An almost complete breakdown of protein synthesis occured 60 to 70 hrs after infection and was paralleled by the first light microscopic changes in the islets. The stimulation of proinsulin synthesis by glucose was preserved for 48 hrs after EMC-virus infection.
A diabetes mellitus-like disease develops in mice infected with the M-variant of the encephalomyocarditis (EMC) virus [2, 3, 6] .
Hyperglycemia and glucosuria appear in infected animals approximately five days after the inoculation of EMC-virus. Low levels of plasma and pancreatic insulin are found during the acute stages of the infection. Large amounts of virus are recovered from the pancreas. Some animals exhibit chronic impairment of carbohydrate metabolism, while others eventually recover normal glucose tolerance.
Three days after the inoculation of EMC-virus in mice beta-cell necrosis was observed, five days after infection round cell infiltration of the islets of Langerhans appeared [7] . This study presents experimental data on the synthesis of proinsulin (PI) and large glucagon immunoreactivity (LGI) in isolated islets of Langerhans from EMC-virus infected mice.
Materials and Methods
A virus pool was prepared by homogenizing the hearts from male NMRI mice (21-23 g) 48 hrs after the inoculation of the M-variant of the encephalo-Asp myocarditis (EMC) virus. The final pool contained Tyr one heart in 10 ml Krebs-Ringer bicarbonate buffer. Cys Aliquots were stored at --30 ~ C. 1 ml of this virus-Ile pool contained 105-106 mice infective doses (MID50) * Parts of the results were presented at the meeting of the "Deutsche Diabetes Gesellschaft" Munich, June 1973. determined by weight controls. Male NMRI mice (30--38 g) were inoculated by subcutaneous injections of 0.2 ml of the virus-pool. Glucose tolerance tests performed in the infected mice, remained unchanged during the first three days, corresponding to earlier findings [7] .
The third day after infection the islets of Langerhans were microdissected in phosphate Ringer buffer at 4 ~ C [5] . In the course of 60 rain about 30 islets were collected and transferred to a perifusion chamber according to [9] . Perifusion was performed with Krebs-Ringer bicarbonate buffer at 37 ~ C with a gas phase of 95Yo O~ and 5Yo CO2, pH 7.4, flow rate 1.1 ml/hr. Labelling was done with a 3H-L-amino acid mixture from NEN (NET 250; the amino acid composition is available from NEN Chemicals). The specific activity of the amino acid mixture was 5--15 mCi/mmole, the final concentration in the incubation medium was 0.07 mCi/ml. In a further series of experiments 3H-L-leucine was used (specific activity 50 Ci/mmole, NET 135 H from NEN) in a final concentration in the incubation medium of 0.03 mCi/ml. Unlabelled amino acids were added corresponding to low serum levels in mice (in ~tmole/l): The glucose concentrations used were 1.0 and 3.0 mg/ml. Perifusion was chosen to avoid any effect of accumulating glucagon or insulin on protein synthesis in isolated islets. Perifusates were analysed and did not contain measurable amounts of 8H-PI or 3H-LGI. Incorporation of amino acids into proteins was measured after a perifusion period of 60 rain. During this time practically no tritiated insulin is formed. Addition of cycloheximide (100 ~tg/ml) caused a more than 95Uo inhibition of protein synthesis. Incubation was stopped by transferring the islets to 3 M acetic acid with 0.25Yo albumin. The islets were destroyed by sonication. The proinsulin content of islets from male NMRI mice, determined by a cellulose adsorption method [4] , was 130 + 30 ~tU/islet (n = 20; mouse insulin standard) showing good reproducibility of the extraction procedure. The use of an acid ethanol extraction was of no advantage.
Labelled proteins were separated on a Biogel P 60 column (12 • 500 ram) with 3 M acetic acid, containing 0.25Uo albumin (flow 2.7 ml/h). Fractions of 0.94 ml were collected and freeze dried. Biogel P 10 and P 60 were compared. Only Biogel P 60 yielded a satisfying separation of LGI and void volume fractions. Calibration was done with blue dextran (fraction 11--13), cytochrome C (fraction 23-25), porcine proinsulin (fraction 38--41), mouse insulin (fraction 43--47) and amino acids (fraction 47--52). Control experiments with exogenous 131I-bovine insulin, bovine proinsulin and porcine glucagon revealed a recovery of 93 to 95~o.
Proinsulin (PI)
PI was labelled with 3H-L-leucine or the ~H-Lamino acid mixture and determined after chromatography. Samples were incubated for 5 hrs with and without cross reacting anti-bovine insulin serum (2~o) from guinea pigs in 2 ml 0.2 M Tris-buffer containing 0.25Yo serum albumin, pH 8.2. For the adsorption of free proinsulin 100mg of cellulose MN 100 (Macherey and Nagel, Diiren) were added to each sample. Antibody bound 3H-PI could be calculated from the radioactivity in the supernatants of both samples.
Large Glucagon Irnmunoreactivity (LGI)
LGI has been described for different species [10] . A chromatographically corresponding protein in mice islets was labelled by perifusion of the isolated islets with the 8H-L-amino acid mixture and separated by gelfiltration. This protein could be identified by its specific binding to isolated ),-globulins of pooled antiporcine glucagon sera from rabbits. The antiserum concentration was 2Yo in 2 ml 0.2 M Tris-buffer containing 0.25~o serum albumin and 500 KIE TrasylolR/ml. Samples were incubated for 12 hrs. ~H-LGI antibody complexes were separated from free ~H-LGI by preparative ultracentrifugation (100,000 g, 360 rain, 4 ~ C). The antibody binding of 3H-labelled LGI from mice islets could be completely inhibited by porcine glucagon in excess.
The anti-bovine insulin serum from guinea pigs used for the proinsulin immunoassay showed no crossreaction with mouse LGI; the anti-porcine glucagon serum from rabbits did not crossreact with mouse proinsulin. This was checked by ultracentrifugation ob both diluted antisera in the presence of 8H-LGI and 3H-PI. ~H-PI and 3H-LGI from mice were quantitatively displaced from the antibody binding by addition of excess mouse insulin or porcine glucagon.
Trypsination of 3H-PI and SH-LGI was carried out in 0.02 M Tris-buffer with 0.25Uo albumin, pH 7.4 and 0.001 ~tg/ml trypsin at 37 ~ C for 30 rain.
Results
After perifusion of islets of Langerhans from normal mice, gelfiltration showed that labelled void volume proteins were followed by a first peak containing large glucagon immunoreactivity (LGI) and a second peak with proinsulin (PI). The molecular weight of LGI was 16,000 + 1000. Trypsination of PI yielded a smaller peptide eluting with mouse insulin, whereas after trypsination of LGI smaller peptides than porcine glucagon were obtained in agreement with earlier results [8] . Hydrolysis of 3H-LGI by boiling in 6N HCL followed by amino acid analysis on Chromo Beads type B revealed that 3H-radioactivity could be quantitatively recovered in amino acids. Relatively high amounts of asparagine, tyrosine and arginine were found. For the determination of half lives of LGI and PI, 100 [tg/ml cycloheximide was added to the incubation medium after a labelling period of 60 rain. Islet proteins were analysed after further incubations of 15, 30 and 45 rain following the inhibition of protein synthesis. The intracellular half life of LGI was 35 to 45 rain being shorter than that of PI (60 rain). By increasing the glucose concentration in the perifusion medium from 1.0 to 3.0 mg/ml stimulation of proinsulin synthesis occurred. The synthesis of LGI varied by less than 15Yo with 1.0 and 3.0 mg glucose/ml perifusion medium (Fig. 1, left chromatogram) whereas the synthesis of void volume proteins increased by 36~o.
The gelfiltration of islets obtained 35 hrs after infection of the mice with EMC-virus showed a marked reduction of the incorporation of amino acids into void volume proteins, large glucagon immunoreactivity and proinsulin (Fig. 1, right chromatogram) . 35 hrs after infection at a concentration of 3.0 mg gluthesis by glucose is preserved in EMC-virus infected islets of Langerhans. At 1.0 mg glucose/ml in the perifusion medium the inhibition of the synthesis, of void volume proteins and large glucagon immuno- I NMRI-mice, 38 days old, 30 _ 0.7 g body weight, II NMRI-mice, 52 days old, 35 _ 0.9 g body weight, a ___ standard error of the mean cose/ml in the medium the synthesis of void volume proteins, large glucagon immunoreacfivity and proinsulin in islets from virus infected mice was reduced to about 43Yo of the control experiments. The proportional reduction of radioactivity in these fractions shows, that the relative stimulation of proinsulin synreactivity was reduced to about 33~o, while the synthesis of proinsulin was reduced to 15Yo (Fig. 1, right  chromatogram) . The results of two series of experiments at 3 mg glucose/ml using islets prepared from male mice 6--8 hrs after infection with EMC-virus are given in Table 1 .
The reduced level of protein synthesis reached at 6 hrs after infection (Table 1) is maintained for 48 hrs. Then a second phase with a rapid fall of protein synthesis follows. 60--70 hrs after infection the proinsulin synthesis is reduced to about 10--15Yo of control values. At this time necrosis of the beta-cells (according to [7] ) was observed.
The inhibition of cellular amino acid uptake into void volume proteins, large glucagon immunoreactivity and proinsulin is uniform during the course of virus infection, suggesting a viral damage of both, alpha-and beta-cells. No differences in the relative amino acid uptake into void volume proteins and proinsulin were found using either 8H-L-leucine or a 8H-L-amino acid mixture as a marker. A tenfold variation of the injected dose of EMC virus did not alter the results, however prolonged storage of the virus pool reduced the effect on protein synthesis in mice islets. Injection of comparable amounts of polio vaccine virus type II, a picoma virus not infective for mice, was without effect on protein synthesis in the islets of Langerhans. Healthy mice could be infected by isolated islets prepared from infected animals 48 hrs after infection. This proves the presence of virus in the islets, but no data on the degree of infection of alpha-and beta-cells are available. About three days after infection the islets became vitreous and vulnerable. Their recognition in the now whitecoloured exocrine pancreas was increasingly difficult. Since it could not be excluded that after the third day relatively undamaged islets were isolated by the preparative procedure no studies were performed after the third day.
doses of the EMC virus pool, may be explained by the possibility that one mouse infective dose may contain a much higher virus concentration than one infective particle.
The reduction of the synthesis of void volume proteins, large glucagon immunoreactivity and proinsulin shows that the virus induced inhibition of protein synthesis affects alpha-and beta-cells, without specificity. Since EMC-virus causes encephalitis, myocarditis, inflammation of the exocrine pancreas and necrosis of the islets of Langerhans the inhibition of protein synthesis may also be found in other organs. This possibility was not examined.
In the islets from virus infected mice, the stimulation of proinsulin synthesis by glucose seems to be preserved until protein synthesis breaks down completely 72 hrs after infection. It could not be established whether the incomplete inhibition of amino acid incorporation into proteins was due to incomplete infection of islet cells or to the maintenance of the cellular protein synthesis at a reduced level. It could not even be determined whether the infected beta-cell maintained its response to an increase of glucose concentration or whether the residual stimulation of proinsulin synthesis by glucose stems from non infected beta-cells.
